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ABSTRACT 
Riparian Bird-Habitat Association Models: A Framework for 
Informing Management and Developing Restoration 
Guidelines in Utah 
 
by 
 
Hillary M. White, Master of Science 
 
Utah State University, 2011 
 
 
Major Professors: Dr. John A. Bissonette and Dr. Mary M. Conner 
Department: Wildland Resources 
 
 
Approximately 75% of the avian species in Utah use riparian habitats at some 
time during their life cycles and at least 80% of this habitat in Utah has been lost or 
altered since settlement; currently 0.6% of land cover in Utah is considered riparian. In 
1992, with the support of Utah Partner’s in Flight, the Utah Division of Wildlife 
Resources began a statewide neotropical migratory bird (NTMB) and habitat monitoring 
program to assess the status of bird populations at 31 sites. Additional sites (up to 52) 
were added in later years; bird and habitat assessments at 37 riparian sites have been 
continuously monitored since 1998.  Using this long-term dataset, my primary study 
goals were to: 1) estimate abundance and densities of 38 focal avian species, 2) document 
and describe changes in riparian vegetation over time, and 3) investigate how these two 
processes are related by creating bird-habitat association models. Recent results from 
iv 
population trend analyses suggest that the patterns of annual variation and regional 
synchrony seen in riparian-dependent species groupings may be driven by landscape-
wide effects on habitat. I developed riparian-bird habitat association models to better 
understand these large-scale effects using important variables specific to nine species of 
interest. I constructed classification and regression trees for three distinct foraging guilds 
to assess species-specific and community level habitat associations. Variables identified 
as important predictors of species density varied according to the species of interset. 
However, the variables selected by the classification models were consistent with each 
species life history strategies. Model results are intended to provide the framework for the 
development of management guidelines that will inform terrestrial riparian restoration 
and conservation efforts in Utah. 
 
(112 pages) 
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INTRODUCTION 
The word riparian is derived from the Latin word ripa, meaning bank or shore (as 
of a stream). Colloquially, riparian areas are called “ribbons of life,” since they are 
considered among the most productive habitats in North America (Johnson et al. 1977, 
Chaney et al. 1990). The Arizona Riparian Council (Lofgren et al. 1990, ARC 1994) 
defines riparian as the “vegetation, habitats, or ecosystems that are associated with bodies 
of water (streams or lakes) or are dependent on the existence of perennial, intermittent, or 
ephemeral surface or water drainage”. Riparian habitats in Utah comprise approximately 
0.6 % (439 mi2) of the entire land area (82169 mi2) in the state (Sutter et al. 2005) and are 
the most important avian habitat in Utah (Gardner et al. 1999). More than 75% of the bird 
species in Utah rely upon riparian habitat at some time in their life cycle (Howe 1992, 
1993, Parrish 1995). Habitat loss has been implicated in the decline in bird populations in 
North America (Temple and Wiens 1989) and Utah is no exception; at least 80% of 
riparian habitat has been lost or altered since settlement (Parrish et al. 2002). When avian 
population trends in Utah were investigated, the similarity of the pattern of annual 
variation for many parameters (e.g., species groupings, physiographic area, and relative 
abundance) suggested that a landscape-wide effect (e.g., changes in habitat or climate) 
was driving the observed population fluctuations (Norvell et al. 2005).  
Many studies in ecology seek to quantify the distribution and abundance of 
individual species or communities and to understand their interactions with the 
environment. A fundamental premise of avian community ecology and habitat 
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management is that the distribution of bird species is closely linked with the habitat in 
which they occur (Rotenberry and Wiens 2009). Mathematical models are often used to 
highlight the distinction between the patterns we observe and the mechanisms that may 
be causing those patterns (Gotelli 2001). Distance sampling methods blend model-based 
with design-based statistical methods to model detectability within surveyed plots and to 
estimate the density of individuals beyond the surveyed area (Buckland et al. 2004). 
When the habitat of the area being surveyed for birds is recorded, analysis of the bird 
count data in conjunction with the habitat variables can provide valuable information on 
the factors which affect bird occurrence or abundance (MacArthur and MacArthur 1961, 
Cody 1985, Rotenberry 1985, Wiens 1989).  
Birds occupy an extremely diverse range of niches within riparian systems and are 
sensitive indicators of environmental conditions (Temple and Wiens 1989, Bryce et al. 
2002). Ecological conditions required for healthy wildlife populations in riparian habitats, 
such as complex vegetation structure that provides birds with nesting sites, are often 
measured at the scale of square meters (Kareiva and Andersen 1988); but additional 
conditions exist at much larger scale extents, and managers must understand the effects of 
these. When targets are set for restoring healthy population sizes of a given species 
(single-species management) or restoring healthy communities (multi-species 
management), it is prudent for researchers and land managers to consider habitat at the 
scale of many hectares or square kilometers. Certainly, prioritization of land parcels for 
conservation and habitat restoration usually occur at larger spatial scale extents. 
Considering vegetation cover and habitat structure is key to bird conservation. 
Avian diversity and density increases as the: (1) vertical layers (ground, shrub, and 
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canopy) of vegetation increase; (2) diversity of riparian vegetation increases; (3) riparian 
zone increases in width; (4) patches of riparian habitat are connected to one another; and 
(5) riparian habitats are connected to healthy upland habitats (MacArthur and MacArthur 
1961, Whitmore 1975, Finch 1989, Croonquist and Brooks 1993). The analysis of the 
bird count data in conjunction with the habitat variables can provide valuable information 
on the factors which affect bird occurrence or abundance (MacArthur and MacArthur 
1961, Cody 1985, Rotenberry 1985, Wiens 1989).  
Estimation of abundance and density is the foundation for understanding changes 
in habitat associations and population trends (Norvell et al. 2005). Point-count methods 
are among the most widespread survey methods in use, in part because they allow the 
estimation of relative abundance (Ralph et al. 1995, Rosenstock et al. 2002). However, 
the use of relative abundance information relies upon the assumption that there is a 
constant probability of detection. By simply incorporating distance-to-bird data (point-
transect sampling) to traditional relative abundance methods, one can estimate the 
probability of detection directly. Point-count methods which incorporate distance 
sampling are preferred because they reduce estimation bias (Buckland et al. 2001) and are 
the most reliable method in conservation planning and assessment (Harrison and Kilgo 
2004). All bird data analyses presented in this manuscript are based on distance sampling 
methodologies.   
Methods such as multivariate regression and classification models often are used 
to identify complex interactions. Regression tree analysis (Breiman et al. 1984) is a 
method of recursive partitioning of the response data (bird species density in this case) 
based on predictor variables (vegetation components) of interest. Tree methods are 
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nonparametric and nonlinear, so there is no implicit assumption that the underlying 
relationships between the predictor and response variables are monotonic. The algorithm 
is based on a set of logical splits (derived from the data) on each variable to build a tree 
that illustrates how that variable is split based on the response variable. For example, 
O’Conner and Jones (1997) used the technique to estimate losses of bird populations due 
to anthropogenic stressors in the United States and De’ath (2002) used univariate and 
multivariate regression trees to model spider species and spider community-environment 
relationships.  
The Utah Division of Wildlife Resources’ (UDWR) Riparian Monitoring Program 
seeks to further understand the avian community dynamics by synthesizing and 
summarizing the current state of scientific knowledge concerning the habitat 
requirements of birds in riparian areas. The goal of my study is to use this large extent, 
long term data set to assess the status of Utah’s riparian bird species and further 
understand their current distributions, densities, and habitat use. If species densities can 
be estimated on a site-wide basis, they can be used to examine trends at or among 
specific sites or to look at habitat quality and habitat associations on a site to site basis. 
Current bird density estimates and vegetation analysis have largely been unincorporated 
in previous analysis efforts and these needs guide this thesis effort. I address this goal by 
using point-transect distance sampling and extensive habitat monitoring. To understand 
riparian bird community habitat requirements in Utah, I used 9 years of statewide bird 
and habitat data to (1) produce density estimates for 38 focal bird species for each year at 
each of the 37 continuously monitored survey sites, (2) analyze vegetation data for each 
year at each site, and (3) create habitat association models for nine species and three 
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foraging guilds. Results from these models will provide a framework for informing 
management and restoration efforts for both single species management objectives as 
well as biodiversity maintenance objectives in the state of Utah.  
In this thesis, I present results of the avian and vegetation data analyses. These 
results are the foundation for creating species specific avian-habitat associations. I used 
classification methods to identify important variables for species of interest and examined 
each variable using partial dependence plots to understand how density may change in 
relation to each variable. I also discuss the need for community-based analyses in 
conservation planning and restoration, and I use multivariate regression trees to illustrate 
this idea. In the conclusion, I present the major findings of the study and discuss 
management implications that can serve as a framework for designing restoration and 
management guidelines for Utah’s birds in riparian habitat.  
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STUDY BACKGROUND 
In 1992, with the support of Utah Partners in Flight (PIF), the Utah Division of 
Wildlife Resources (UDWR) implemented a long-term statewide neotropical migratory 
bird monitoring program to create a statewide database for all birds occurring in riparian 
areas and to monitor the vegetation characteristics at established sites. Existing data 
analyses include linear and non-linear trend assessment for the years 1992-2001 using 
select species (Norvell et al. 2005) and statewide abundance and survival estimates for 
the years 1992-2005 (Parrish et al. 2007). The UDWR Riparian Monitoring Program 
seeks to further understand the avian community dynamics by synthesizing and 
summarizing the current state of scientific knowledge concerning habitat requirements of 
birds in riparian areas. Utilizing bird-habitat association models to inform management 
and restoration efforts in the state of Utah will be the impetus to achieve these strategic 
programmatic goals. On a tactical level, results from riparian bird-habitat association 
models will provide information to land managers who seek to minimize negative 
impacts or maximize positive impacts of their management activities to achieve single 
species or biodiversity management objectives. Statewide study sites were selected based 
on a modified systematic random sampling design, using a priori baseline criteria 
established to ensure representative site selection (Appendix A). Thirty-seven sites have 
been continuously monitored since 1998 and are used in my analysis (Table 1, Fig.  1). 
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METHODS 
Avian Survey Methods 
Over the course of the study, point transects were conducted on thirty-seven sites 
(Fig.  1) two to five times between May 1-June 30 each year during the breeding season 
1992-2008 to document avian assemblages. Each point was surveyed using 8-minute 
variable radius point-count methodology (Reynolds et al. 1980, Ralph et al. 1993) and 
incorporating distance sampling methodology (Buckland et al. 2001). Surveys were 
conducted between 15 minutes before official sunrise and 10:00 am by trained observers 
who were systematically assigned to site visits with the a priori decision rule that no 
observer would survey the same site consecutively and no site was visited less than seven 
days prior to the last site visit. Expanded methodology can be found in Appendix B.    
Avian Data Selection Methods 
Thirty-eight bird species were selected for density analysis based on their 
relatively high frequency of detection and widespread distribution and nine of those 
species which are of state importance were selected for additional analyses: black-capped 
chickadee (BCCH, Poecile atricapillus), blue-gray gnatcatcher (BGGN, Polioptila 
caerulea), broad-tailed hummingbird (BTLH, Selasphorus platycercus), Bullock’s oriole 
(BUOR, Icterus bullockii), song sparrow (SOSP, Melospiza melodia), spotted towhee 
(SPTO, Pipilo maculatus), Virginia’s warbler (VIWA, Oreothlypis virginiae), yellow-
breasted chat (YBCH, Icteria virens), and yellow warbler (YWAR, Dendroica petechia). 
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These species were chosen because they are of interest to the state and some work has 
been done with regards to their habitat requirements in other states (BCCH, BGGN, 
BUOR, SOSP, SPTO, YBCH) or were listed in the Utah Conservation Wildlife Strategy 
(Sutter et al. 2005) as a species of interest (BTLH, and VIWA) or were listed on the 
watch list (VIWA) in the Partner’s In Flight North American Landbird Conservation Plan 
(Rich et al. 2004). Table 2 was adapted from Gardner et al (1999) and Rich (2002) and 
lists each species’ riparian status (yes or no), nest type, nest location, and nesting guild 
information. For the purpose of this study, I am referring to riparian-obligate and 
riparian-dependent species collectively as riparian-dependent species (species that rely 
primarily on riparian habitat for nesting and foraging); riparian-associated species may 
nest in either riparian or upland vegetation, but use the riparian habitat for foraging and 
water during the breeding season. 
Vegetation Survey Methods 
Vegetation surveys were conducted in 2001, 2004, and 2007 during the post 
breeding season (July-August) using a circular sample plot centered on each point 
transect survey for a total of 364 plots (35 sites with 10 points at each site and 2 sites that 
had 8 points each). Each 11.3 meter (0.04 ha) plot was rigorously inventoried to collect 
sufficient data to describe avian-habitat associations (James and Shugart 1970, as adapted 
by Noon 1981).  The plot was divided into 4 quadrants along each cardinal direction. 
More than thirty vegetation parameters were measured and other site-specific information 
(overall vegetation community type, elevation, slope, aspect and UTM) was recorded. 
9 
Expanded methodology (Appendix C) and a descriptive list of all parameters recorded is 
listed in Table 3.      
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STATISTICAL ANALYSES METHODS 
Bird Analysis Methods – Density Analyses 
Analyses of both visual and audible observations were carried out using the 
multiple covariate distance sampling (MCDS) analysis engine in Distance 6.0 release 2 
(Thomas et al. 2010) following Buckland et al. (2001). The covariates included in this 
analysis were cluster size (number of birds per detection), observer ID (to account for 
observer bias), and category of detection: audible (A), visual (V) or both (B). All data 
were examined for evidence of heaping (rounding of distance values by observers) and 
the presence of outliers by creating histograms of distance data for each bird species. To 
delete outliers and facilitate model fitting, the distance data were right truncated at 5% for 
all species following suggestions from Buckland et al. (2001). To yield more robust 
density estimates, the number of visits at each point per year were tallied and included as 
a metric of survey effort in a separate data column. Program Distance is designed to help 
estimate density and abundance by fitting a detection function for the data using 
maximum likelihood estimators to estimate the parametric key function parameters, 
which are then multiplied by series adjustments to improve model fit (Buckland 1992). I 
evaluated three detection functions; half-normal key with cosine adjustments, half-normal 
key with Hermite polynomial adjustments, and hazard-rate key with simple polynomial 
adjustments. These models were selected a priori based on a literature review (Thomas et 
al. 2010) and previous analyses efforts (Norvell et al. 2003). Model selection was guided 
by Akaiki’s Information Criterion (Akaike 1973, Burnham and Anderson 1998), chi-
11 
square goodness of fit tests, Kolmogorov-Smirnov model fit statistics, and visual 
inspection of detection probability (shape criterion) and probability density plots 
(Buckland et al. 2001). Model selection and multimodel inference is important to achieve 
reliable inference (Burnham and Anderson 2002). A detailed discussion of distance 
sampling methodologies is included in Appendix D.  
 Distance-sampling methods have some assumptions that are important to 
understand: (1) protocols are strictly followed and birds are identified correctly; (2) 
points are randomly located with respect to bird distributions and bird detections at each 
location are independent of other observations; (3) birds directly on the point are always 
detected with certainty; (4) birds are detected at their initial location; (5) distances are 
measured without error; and (6) birds are fully and correctly identified (Thomas et.al. 
2010 and Buckland et al. 2001). Our study was well designed and observers were trained 
to minimize violation of these assumptions. 
 Program Distance was used to get density estimates for each of the 38 species for 
each year, at each site, and for each site-year combination. To better understand how each 
species’ densities are changing through time, I used a simple linear regression analysis to 
assess density trends for each of the nine species of interest. The resulting R-squared (R2) 
and associated p-values (p) are reported as a metric of goodness of fit of the linear model. 
Bird Community Metrics Analysis Methods  
The package vegan in program R (v. 2.12.0, R Development Core Team) was 
used to calculate species richness and the Shannon diversity index (H’) for all sites in all 
years. Species richness was calculated by tallying the unique species at each site for each 
12 
year of data. The more species present in a sample, the “richer” the sample. Species 
richness as a measure on its own takes no account of the number of individuals of each 
species present. It gives as much weight to those species which have very few individuals 
as to those which have many individuals. The Shannon index is a measure of diversity 
which accounts for both richness and evenness of the species present. The Shannon index 
in calculated using the equation ܪᇱ ൌ െ ∑ ݌௜௞௜ୀଵ log ݌௜: where pi is a fraction of the entire 
population made up of species i, and k is the number of species encountered. 
Vegetation Data Analysis  
 Vegetation data collected at each of the 364 survey points for each year was 
analyzed using SAS version 9.1.3 (SAS Institute 2007). All variables listed in Table 3 
were averaged at the point level and averaged between points to obtain a site-wide index 
for each year for subsequent use with site-based avian density estimates.  
Bird-Habitat Association Models 
Random forest (RF) is an ensemble classifier method in which many 
classification trees are fitted to the data set using a bootstrap sample method in which a 
small number of randomly selected variables are available for the binary partitioning at 
each node. RF models incorporate information from a large set of variables and include a 
multitude of complex interactions among them (Breiman, 2001). RF makes no 
distributional assumptions about the predictor or response variables and can handle 
situation in which the number of predictor variables greatly exceeds the number of 
observations (Cutler et al. 2007). Two data objects are generated by random forests – a 
training set (bootstrap sample) and a test set. The test set is also called the out-of-bag data 
13 
(oob) and consists of about one-third of the original data which is used to get a running 
unbiased estimate of the classification error and is also used to get estimates of variable 
importance. A full classification tree is constructed using each bootstrap sample (N=500) 
and is used to predict the oob observations. The oob error estimates are computed for 
each observation and then averaged over all observations. Because the oob observations 
were not used in the fitting of the trees, the oob estimates are essentially cross-validated 
accuracy estimates (Cutler et al. 2007). To assess variable importance, the values of the 
variable are randomly permuted for the out-of-bag observations and then passed down the 
tree to get new predictions. The difference between the misclassification rates for the data 
is divided by the standard error, yielding a measure of variable importance for each 
predictor variable. Partial dependence plots (Hastie et al. 2001) are used to graphically 
characterize relationships between individual predictor variables and predicted 
probabilities of species density obtained from random forest. Partial dependence is the 
dependence of the probability density on one predictor variable after averaging out the 
effects of the other predictor variables in the model (Cutler et al. 2007). I used the 
package randomForest in program R (v. 2.12.0, R Development Core Team) as a tool to 
subjectively identify ecologically important variables and corresponding partial 
dependence plots for each of the nine bird species of interest for years 2001, 2004, and 
2007.  
Classification and regression trees were used to investigate species-environment 
relationships using the rpart and mvpart packages in program R (v. 2.12.0, R 
Development Core Team) for the avian community foraging guild analysis because RF is 
not yet equipped to handle multiple classes at once for datasets such as this. Analysis was 
14 
guided using methodology introduced in De’ath (2002) and adapted according to data 
needs. Because vegetation data was collected once every three years (2001, 2004, 2007) 
and bird data was collected yearly, the data were grouped into three subsets (2000-2002), 
(2003-2005), and (2006-2008). The bird density estimates were averaged over the 
corresponding 3 year periods to get a mean density value for each species in each group 
(response variable) and were regressed on the appropriate vegetation parameters 
(explanatory variables) for each corresponding group. Riparian-dependent species were 
grouped into three nesting guilds (low, mid-high, and cavity) for use in community 
analysis. 
Multivariate regression trees (MRT) were constructed for each of the three 
nesting guilds and one was constructed for all species regardless of nesting guild for 
years 2001, 2004, and 2007. As discussed in Breiman et al. (1984), fitting a large tree 
first, then “pruning” it back using cross validation is a useful way to assess error rates and 
to achieve an optimal sized tree. I used 100 4-fold cross validations in every model and 
examined the tree with the lowest cross validation error rate. I also examined the 
principal components biplot to visualize the species groupings in relation to the predictor 
variables for each analysis.  
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RESULTS 
Avian Species Density, Community Metrics, 
and Trend Analyses 
 
In total, 191 species and 122,505 individual detections were made during 913 
visits to 368 point count stations across all 37 study sites during the 2000-2008 field 
seasons (Table E.1). The highest number of species observed statewide was 147 species 
in 2000, 2001, and 2005, and the least number of species detected statewide was 130 
occurring in 2006. Annual site richness varied from a high of 66 (SLC1, 2003) to a low 
of 12 (FISHSP, 2002) and annual Shannon index values ranged from a high of 3.5 
(DUTCHJ, 2003) to a low of 2.09 (FISHSP, 2002) (Table 4, Fig.  2). Density estimates 
were calculated for 38 species for each year (2000-2008) at each of the 37 sites for use in 
constructing habitat-association models. The uniform cosine model was the top detection 
function for every species.  
Black-capped chickadee densities show an overall decreasing trend over time (R2 
= 0.322, p=0.111)(Fig.  3), as does broad-tailed hummingbird (R = 0.208, p=0.218)(Fig. 
4), spotted towhee (R2 = 0.031, p=0.651)(Fig.  5), Virginia’s warbler (R2 = 0.088, 
p=0.437)(Fig.  6), and yellow warbler (R2 = 0.175, p=0.263)(Fig.  7). Species showing a 
near stable or slightly increasing trend in density over time are blue-gray gnatcatcher (R2 
=0.085, p=0.446)(Fig.  8), Bullock’s oriole (R2 =0.033, p=0.638)(Fig.  9), song sparrow 
(R2 = 0.072, p= 0.485)(Fig.  10), and yellow-breasted chat (R2 = 0.046, p= 0.578)(Fig.  
11).  
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Vegetation Data Analyses 
 In 2001, the VERNAL site (located along the Green River at Ouray Wildlife 
Refuge) had the highest values for five variables: LOG, WOOD, SUBMAX, CANMAX, 
and CANMIN and the SANRAF site (located along the San Rafael river) had the lowest 
values for 8 variables: SUBMAX, H20, SHRUBLIV, ROCK, MOSS, TREE, LITTDTH, 
XTREEHT. CANMIN and CANMAX were highly correlated (0.9795). On 11 of the 37 
sites, MOSS, an important soil moisture indicator, was absent. Only two sites had more 
than one percent moss cover- TOOELE (Butterfield Canyon) had 1.1% and KINGSP 
(upper Provo River in the Uinta mountain range) had 3.1% moss cover. The percentage 
of water on the 37 sites ranged from 0 to 8.1%. In 2004, VERNAL had the highest values 
for 4 variables: LITT, LOGDENS, XTREEHT, and LITTDTH while SANRAF had the 
lowest values for 6 variables: H20, SHRUBLIV, ROCK, MOSS, TREE, XSNAGDBH.  
On 18 of the 37 sites, MOSS was absent; KINGSP had 2.7% moss cover and was the 
only site with > 1% moss cover. The percentage of water on the 37 sites ranged from 0 to 
13.8%.  In 2007, VERNAL had the highest values for three variables: TREE, LOG, LITT 
while TREMON had the lowest values for 8 variables: H2O, ROCK, MOSS, LOG, 
LOGDENS, XLOGDIA, XLOGLEN, and SNAGDENS. On 24 of the 37 sites, MOSS 
was absent. KINGSP had 3.1% moss cover and TOOELE had 1.3% while all other sites 
had less <1%. The percentage of water on the 37 sites ranged from 0 to 6.6%.  
 A statewide index of each vegetation parameter for years 2001, 2004, and 2007 
are presented in Table E.2, Table E.3, and Table E.4, respectively. Information from 
these tables was used in conjunction with the avian density estimates in subsequent 
multivariate habitat association analyses. 
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Bird-Habitat Association Models: Random  
Forest Classification  
 
Variable importance plots and partial dependence plots were constructed using results 
from the random forest (RF) analysis for each of the nine species of interest for each of 
the three years of vegetation data (2001, 2004, and 2007).   
Black-capped chickadee:  Variable importance plots for each year (Fig.  12) shows 
that ELEV is consistently important for predicting black-capped chickadee density. Other 
variables identified as important are: SNAGDENS and TREE (2001), TREEDENS (2001 
and 2007), SHRUBLIV (2004, 2007), CANOPYCOV and MOSS (2004), and 
SHRUBCOV (2007).  Partial dependence plots (Fig.  13) for each year illustrate the 
dependence of the species density on each predictor variable. 
Blue-gray gnatcatcher:  Variable importance plots (Fig.  14) show that CANMAX 
was the most important variable in 2001, GRNDCOV and SHRUBLIV were important in 
2004, and in 2007 FORB and STEMDENS were important. The partial dependence plots 
(Fig.  15) are shown for each of these variables.  
Broad-tailed hummingbird: In 2001, WOOD was selected as an important variable by 
RF, TREE, FORB, CANMAX, and ELEV were selected in 2004, and in 2007 GRNDH, 
FORB, ELEV, and SHRUBCOV were important (Fig.  16). Partial dependence plots 
(Fig.  17) for each year illustrate the dependence of the species density on each predictor 
variable. 
Bullok’s oriole: ELEV was chosen by RF as an important variable in 2001 and 2004, 
XSNAGDBH in 2004, and ROCK and MOSS were chosen in 2007 (Fig.  18). The partial 
dependence plots (Fig.  19) are shown for each of these variables.  
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Song sparrow: XTREEDBH (2001), BARE (2001, 2004), TREE and WOOD (2007) 
are the important variables for song sparrows (Fig.  20). Partial dependence plots for each 
variable are shown in Fig.  21.   
Spotted towhee:  Important variables are LOGDENS and LITTDTH (2001), LITT 
and BARE (2004), and SHRUBLIV (2007) as shown in Fig.  22 and the partial 
dependence plots for each of these variables are shown in Fig.  23.  
Virginia’s warbler:  TREEDENS (2001, 2004), MOSS, and LITTDTH were 
important predictor variables of species density (Fig.  24) and Fig.  25 show the partial 
dependence plots for each of these variables. 
Yellow-breasted chat:  ELEV was identified as an important variable in all years, 
ROCK in 2001 and 2007, and TREEDENS in 2004 (Fig.  26). Partial dependence plots 
for each of these variables are shown in Fig.  27.  
Yellow warbler: Variables identified as important in RF were MOSS and XLODIAM 
(2001), LITT and ROCK (2004), and GRASS and CANOPYCOV (2007) are shown in 
Fig.  28. Partial dependence plots for each of these important variables are shown in Fig.  
29.  
Bird-Habitat Association Models: Multivariate  
Regression Trees  
 
Multivariate regression trees were constructed for all riparian species combined 
and for each nesting guild. I also constructed principal component biplots to visually 
inspect the species groupings at each variable of interest. The biplot also reports the first 
two dimensions of the data (accounting for the percentage of between-groups sums of 
squares) and interset correlation scores which are used to estimate the species-
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environment relationship. Typically, an interset score greater than 0.8 indicates a strong 
species-environment relationship (De’ath 2002). In cases where only one variable was 
chosen as an important predictor variable or a species was not associated with a particular 
variable of interest, I was unable to construct a biplot.  
Riparian dependent species: Percent shrub cover (2001, 2007), percent bare 
ground and percent ground vegetation cover (2004) and litter depth, and percent forb 
cover (2007) were identified as important predictor variables of species occurrence on 
our statewide riparian study sites. I was unable to construct a biplot for 2001 because 
only one variable was plotted on the tree. The tree biplot for 2004 shows that Dim 1 and 
Dim 2 account for 92.27% and 7.73% of the between-groups sums of squares with 
interset correlations of 0.796 and 0.448, respectively. The 2007 biplot reports Dim 1 = 
95.47% with an interset correlation 0.846 and Dim 2 = 2.74% with interset correlation of 
0.455 (Fig.  30a).  
 Low canopy nesting guild: Maximum canopy height and ground vegetation layer 
height (2001), shrub-stem density, percent ground cover, and percent log cover (2004), 
and litter depth and percent live shrubs (2007) were identified as important predictor 
variables for birds that nest on the ground or low in the riparian canopy. The tree biplot 
dimensions scores are as follows: Dim 1 is 87.85% with interset 0.775 and Dim 2 is 
12.15% with interset 0.501 (2001), Dim 1 is 92.88% with interset 0.886 and Dim 2 is 
5.88% with interset 0.601 (2004), and in 2007 Dim 1 is 87.6% with interset 0.806 and 
Dim 2 is 12.4% with interset 0.613 (Fig.  30b). 
 Mid-high canopy nesting guild: Percent shrub cover and mean log diameter 
(2001), percent log cover, percent live shrubs, percent bare ground, and mean tree dbh 
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(2004), and litter depth, percent bare ground, and subcanopy maximum height (2007) 
were identified as important predictor variables for birds that utilize the mid and upper 
canopy layer for nesting. Biplots were not constructed for 2001 or 2007. The tree biplot 
dimensions scores for 2004 are as follows: Dim 1 is 58.35% with interset 0.776 and Dim 
2 is 37.53% with interset 0.755 (Fig.  30c). 
 Cavity nesting guild: Percent litter cover and elevation (2001), percent woody 
ground cover, percent live shrubs, and percent moss cover (2004), and percent shrub 
cover, ground vegetation layer height, and maximum canopy height (2007) were 
identified as important predictor variables for cavity nesting birds. The tree biplot 
dimensions scores are as follows: Dim 1 is 98.16% with interset 0.781 and Dim 2 is 
1.84% with interset 0.359 (2001), Dim 1 76.02% with interset 0.858 and Dim 2 is 
23.71% with interset 0.607 (2004), and in 2007 Dim 1 is 72.66% with interset 0.957 and 
Dim 2 is 25.95% with interset 0.701 (Fig.  30d).  
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DISCUSSION 
The nine species that were chosen for use in the random forest classification 
models were chosen because there was sufficient statewide data to estimate density and 
they are of interest to the state of Utah because they may help inform land management 
decisions. While each of these species occurs on our riparian survey sites, they do not 
necessarily share the same nesting guilds, foraging guilds, or life histories, resulting in a 
range of variables identified as important predictors of species density for each. However, 
it is appears that a combination of variables that represent vertical structure complexity 
tend to be selected more often.   
Black-capped chickadees are common, permanent, and widespread residents that 
breed in mountain riparian and lowland riparian habitats in Utah. They nest in deciduous 
tree cavities between 4 and 8 feet high and are primarily insectivorous during the 
breeding season often foraging in the lower canopy structure (Ehlrich et al. 1988, Foote et 
al. 2010). Results from the classification models and variable importance plots support 
these habitat preferences; tree density, canopy cover, and shrub cover are likely indicators 
of available nesting sites and food sources. The partial dependence plots from the 2001 
data indicate that this species’ density is highest when there is less than 40% tree cover, 
less than 100 trees per site and when 30% of the trees in the area are snags. Density 
decreases as percent tree cover, snag density, and tree density increase above those levels. 
The 2004 data suggest that black-capped chickadees frequent sites where 60% or more of 
the shrubby vegetation is alive, which is a likely indicator of prey availability. The 2007 
22 
data partial dependence plots for shrub cover, percent live shrub, and tree density closely 
match the results from 2004. Results from all years indicate that black-capped chickadees 
are widespread on our riparian sites, occurring in relatively high numbers across the 
elevational gradient, with highest density on sites below 1500m in elevation.  
Blue-gray gnatcatchers are common summer residents found in lowland riparian 
habitats and adjacent pinon-juniper uplands. They nest low in the vegetation layer, 
forming cup nests in deciduous trees or shrubs (Ellison 1992, Ehlrich et al. 1988). Results 
suggest that this species’ density is highest when canopy height is more than 10m, where 
ground vegetation height is low (<1.0m), and more than 10% of that ground vegetation 
consists of herbaceous forbs. This forb layer may offer a reliable prey source. The partial 
dependence plots show that they prefer sites where 90% of the shrubs are alive, with 
preference for shrubs with a stem density of <30 stems per shrub, suggesting this may be 
an indicator for nesting site preference.  
Broad-tailed hummingbirds are common summer residents, nesting high in 
deciduous trees and conifers in mountain and lowland riparian areas, feeding on floral 
nectar and small insects (Ehlrich et al. 1988). Throughout its range it is most abundant in 
open areas subalpine meadows and shrubby habitats with nearby forests (Calder et al. 
1992). Results show that their densities increase as woody vegetation and ground 
vegetation height increases. They occur in highest densities where there is <30% forb 
cover. This suggests that they are using these vegetation layers for food (insects and 
nectar). Density decreases as tree cover increase, suggesting they prefer more open 
habitats with highest densities occurring where 40 to 50% of the site is made up of 
shrubs. Results show that all vegetation layers are important indicators of this species’ 
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density, indicating that structural complexity is important because they may specialize on 
the lower vegetation layers for feeding and rely on higher vegetation layers for nesting. 
These results are of interest to managers in Utah, as this species is identified as a tier 3 
species in the Utah CWCS plan. Habitat loss and alteration, fire frequency, and livestock 
grazing are conservation issues that managers must consider in relation to this species 
(Parrish et al. 2002).  
Bullok’s orioles are common summer residents, nesting high in the deciduous tree 
canopies of lowland riparian woodland habitats and feeding on arthropods and fruit 
(Ehlrich et al. 1988, Rising et al. 1999). Elevation was identified as an important variable 
in the RF model. Bullock’s oriole rarely occurs on our study sites that are higher than 
1900m in elevation, but the partial dependence plot indicates that their densities increase 
as elevation increases. The unreliability of this partial dependence plot is likely due to 
over fitting of the model due to low sample size. The partial dependence plots show that 
their density increases as the number of trees increase on the site (tree density). They 
have highest density on sites where there are medium sized (>5 dbh) and large dead trees 
(snags) on the site. Density also increases as the percent rock cover increases; rocks are 
common on these water limited lower elevation sites.   
Song sparrows are common permanent residents, nesting on the ground or low in 
shrubs in mountain and lowland riparian habitats (Ehlrich 1988, Arcese et al. 2002). This 
species’ density fluctuated with increased tree dbh but increased with increasing percent 
tree cover and increasing woody vegetation cover, indicating a preference for multiple 
vegetation layers. Species densities decreased on sites where there was more than 25% 
bare ground present. In the semiarid southwest, they primarily nest in wet thickets which 
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are reduced or eliminated by grazing and water diversion, but populations can increase 
after exclusion of cattle and regeneration of riparian habitat (Ohmart 1994).  
Spotted towhees are common permanent residents, nesting in the ground and 
shrub layer of mountain shrub and lowland riparian habitat, preferring thickets and 
scrubby habitat (Ehlrich 1988, Greenlaw 1996). They forage on the ground, by scratching 
and kicking up litter duff in search of insects. Preferences for these habitat components 
are validated by the variables selected by the random forest variable importance plots. 
Partial dependence plots show that spotted towhee densities increase as maximum 
subcanopy height, percent litter, percent live shrub, and percent bare ground, and log 
density increases. Log density (# of logs on the site) can be thought of as a surrogate to 
tree density, since they are positively correlated. All of these variables may be important 
nest site indicators for this species.  
Virginia’s warblers are common summer residents that use riparian habitat 
extensively as foraging and migrating habitat, but their major breeding habitats are 
mountain shrub and pinon-juniper habitats (Behle et al. 1985, Olson and Martin 1999). 
The partial dependence plots show that this species’ density is highest when tree density 
(# of trees per site) is between 20 and 75 and litter depth is less than 2cm. Virginia’s 
warblers are shy, retiring, and not easy to observe (Olson and Martin 1999) and they are 
typically observed early in the summer. They primarily use riparian habitat as a migration 
corridor, which could explain why the RF classification model identified tree density as 
important. Further studies in their primary breeding habitat are needed to form more 
robust habitat-association models. Virginia’s warblers are of interest to wildlife managers 
in the state of Utah and are identified as a tier 3 species in the Utah CWCS. Habitat loss 
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and alteration, livestock grazing, and fire frequency are the major threats to this species 
(Parrish et al. 2002). 
Yellow-breasted chats are common summer residents that nest low in the shrub 
layer of lowland and mountain riparian habitat in dense vegetation without a closed tree 
canopy, including shrubby habitat along streams and forest edges (Eckerle and Thompson 
2001). Elevation was an important indicator of this species’ density. Generally this 
species did not occur on riparian sites that were above 2000m in elevation. The partial 
dependence plots show an increase in density as elevation increases, but this is due to 
over fitting of the model in this small sample size. The partial dependence plots indicate 
that this species prefers sites with <100 trees. Species density increases as rock cover 
increases, which can be attributed to the preference for rock stream sides. Although this 
species tolerates open areas, activities such as grazing, which leads to disappearance of 
dense, shrubby areas will be detrimental (Saab et al. 1995).  
Yellow warblers are the most common and most widespread summer resident on 
our riparian study sites. They typically breed in deciduous thickets dominated by willows 
and shrubs layers for nesting and forage on insects and other arthropods (Lowther et al. 
1999). The partial dependence plots of important variables show that their densities 
increase as litter and moss increase which would be expected in moist riparian areas. 
Densities are highest when mean log diameter is between 5 and 8 inches. While this 
species may not prefer log diameter directly, this could be a surrogate to the size class of 
trees that are present on the site, so they may prefer smaller trees. The partial dependence 
plot for moss shows that this species prefers moister sites. Management of cattle grazing 
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to maintain willow borders of riparian habitats helps to hold Yellow Warbler populations 
(Taylor and Littlefield 1986).  
This study focused on developing riparian bird-habitat association models. 
Generally, riparian dependent species showed strong correlations with variables that are 
important indicators of nesting structure, refugia, forage, and prey availability. The bird 
community that nests on the ground or low in the shrub layer showed positive 
associations with variables that may indicate important nest sites occurring in that 
vegetation layer (shrub-stem density, canopy height, percent live shrubs, percent ground 
cover and percent log cover, and litter depth). The multivariate regression trees also 
agreed with the life strategy of those species belonging to the mid-high nesting guild. The 
MRT models identified a wide variety of important variables representing all available 
vegetation layers, from bare ground, litter depth, shrub occurrence, and tree stand 
structure. Results from the cavity nesting guild MRTs had strong correlations with the 
structural parameters identified as important to species occurrence at those sites.  
Results from this study indicate that habitat is not the single driving factor of 
statewide bird density fluctuations. Other metrics, such as fluctuations in climate, timing 
and occurrence of spring precipitation, conditions on wintering grounds and factors 
influencing successful migration may also be contributing to the observed yearly 
fluctuations in statewide bird density. The linear regression methods used to describe 
changes in density over the course of the study did not reveal a statistically significant 
trend. These fluctuations may be better modeled by including these climatic variables 
using a non-parametric analysis method.  
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The use of random forest classification, variable importance methods, and 
multivariate regression trees presented in this thesis are just a few among several methods 
used to describe multivariate species-environment relationships in habitat modeling and 
other ecological studies. In studies where direct measurements of the response variables 
are not easily obtained, the presence or absence of the species of interest is used as a 
categorical binomial response. In this study, the response variable is a continuous, precise 
response, which may not lend itself well to these types of classification methods because 
the models may tend to overfit the data. The general patterns of species dependence on 
specific habitat parameters revealed by these methods do, however, give land managers 
and conservation biologists a good picture of the current status of how birds in Utah are 
utilizing riparian habitat.  
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MANAGEMENT IMPLICATIONS 
Often times, land management agencies that are mandated by state and/or federal 
government policies are charged with managing single species’ habitats, but also face the 
dilemma of also providing for biodiversity. Understanding single-species and multi-
species habitat requirements for Utah’s riparian birds is the first step to drafting 
recommendations for conservation, restoration, and management practices in the state.  
Without these essential pieces of the puzzle, restoration efforts (while rooted with good 
intentions) may have unintended negative consequences to the birds who utilize this 
riparian habitat. Predicted bird densities may follow the general trends shown in the 
partial dependence plots, but they are by no means intended to be used as absolute 
indicators of species richness, abundance, and density along a single predictor variable 
without also accounting for the simultaneous interaction between the other vegetation 
parameters. Additionally, it should be noted that while maintaining habitat quality and 
structure are important to Utah’s bird species, manipulating the land should not be 
viewed as an insurance policy to ensuring single species or community persistence as 
there are other factors that are likely acting in conjunction with habitat parameters that 
influence bird distribution.  
Survey site selection and data collection methodologies implemented by the Utah 
Division of Wildlife Resources Riparian Monitoring Program were designed such that 
site specific and statewide inference about riparian bird species abundance and habitat 
composition could be made. While these results could be used to draft management 
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objectives for birds occurring on riparian sites other than those discussed in this analyses, 
land managers may wish to conduct a pre-treatment bird and habitat inventory  and 
analysis using a rigorous methodology before implementing on-the-ground management 
efforts;  site-specific needs will inform project-specific management objectives. The 
classification methods outlined in this thesis will be used for the remaining 29 species for 
which density estimates were derived and will be available as a document from the Utah 
Division of Wildlife Resources. This document will include information pertaining to 
each of the five physiographic regions naturally occurring in the state: Basin and Range, 
Colorado Plateau, Mojave, Utah Mountains, and Wyoming Basin; it will also include 
site-specific information for land managers to help guide their management objectives. 
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CONCLUSION 
Riparian habitat in Utah is identified as a key habitat of greatest conservation 
need by the Utah Division of Wildlife Resources. This study examined the bird and 
habitat components of several riparian zones statewide. I have presented results from bird 
density and habitat analysis in this paper. I then used results from those analyses to 
construct and present results from random forest classification, partial dependence plots 
of important variables, and multivariate regression trees for selected species and groups 
of species belonging to distinct nesting guilds to better understand riparian bird-habitat 
associations. Results from the variable importance plots and multivariate egression trees 
help us understand which vegetation parameters are influencing the abundance of riparian 
bird species. Partial dependence plots help us visualize how each variable contributes to 
the density of each species. Many of the vegetation parameters chosen as important 
predictor variables by the classification and regression tree models are biologically 
important and lend themselves well to targeted management efforts. This in turn, 
provides information to land managers so they may better target (or avoid) certain 
vegetation structures to mitigate potential negative impacts to riparian birds during 
restoration efforts. 
It is recommended that future work focus on using the bird and habitat data 
presented in this document be used to evaluate non-linear trends in avian density and 
examine changes in vegetation components through time. Additionally, monitoring 
efforts should be continued so that we may build on our knowledge and understanding of 
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the driving changes in these dynamic riparian zones. It is also recommended that any 
restoration efforts that may occur on these specific study sites be monitored for a period 
of time to evaluate and validate the models presented in this document. 
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TABLE 1.   Utah Division of Wildlife Resources’ Riparian Monitoring Sites (n=37) 
surveyed since 1992 as part of the statewide neotropical migratory bird monitoring 
program. 
SITE NAME AGENCY MANAGEMENT UNIT BEGAN ELEV (m) 
Beaver USFS Fishlake N.F. 1992 1980 
Blanding BLM Moab District 1993 1872 
Bluff BLM Moab District 1992 1458 
Delta USFS Fishlake N.F 1992 2050 
Duchesne UDWR Northeastern Reg. 1995 1866 
Dutch John USFS Ashley N.F. 1992 1898 
Escalante BLM Cedar City Distr. 1992 1586 
Fish Springs BLM Salt Lake District 1996 1937 
Hanksville BLM Moab District 1992 1319 
Hite Crossing BLM Moab District 1992 1910 
Huntington USFS Manti-LaSal N.F. 1992 1973 
Indian Peak UDWR Southern Region 1996 2162 
Kanab NPS Zion N.P. 1992 1199 
King's Peak USFS Wasatch N.F. 1992 2773 
La Sal 1 BLM Moab District 1992 1555 
Loa NPS Capitol Reef N.P. 1992 1669 
Logan USFS Cache N.F. 1992 1458 
Manti-La Sal USFS Manti-LaSal N.F. 1992 2252 
Moab 1 BLM Moab District 1992 1261 
Monticello BLM Monticello District 1998 1555 
Navajo Mountain BLM Moab District 1992 1612 
Nephi USFS Uinta N.F. 1992 1864 
Ogden UDWR Northern Region 1992 1569 
Panguich USFS Dixie N.F. 1992 2066 
Provo USFS Uinta N.F. 1992 1598 
Richfield USFS Fishlake N.F. 1992 2056 
Rush Valley USFS Wasatch N.F. 1992 1814 
Salina USFS Fishlake N.F. 1992 2318 
Salt Lake 1 BOR Salt Lake District 1992 1669 
San Rafael BLM Moab District 1995 1557 
Seep Ridge BLM Vernal District 1992 1612 
Smokey Mountain BLM Cedar City Distr. 1992 1501 
St. George BLM Cedar City Distr. 1992 1597 
Tooele PRIVATE Kennecott Corp. 1992 1982 
Tremonton USFWS Bear River NMBR 1992 1297 
Vernal USFWS Ouray NWR 1992 1401 
Westwater BLM Vernal District 1992 1652 
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TABLE 3.   Vegetation parameter names and descriptions. 
Parameter Description Unit 
CANMIN Minimum canopy height m 
CANMAX Maximum canopy height m 
SUBMIN Minimum subcanopy height m 
SUBMAX Maximum subcanopy height m 
GRNDH Average height of ground-level vegetation m 
H2O Water present % 
SHRUBLIV Live shrubs present % 
ROCK Rocky material bigger than gravel % 
GRASS Grass cover % 
MOSS Moss cover % 
FORB Forb cover % 
TREE Tree Cover % 
WOOD Woody species < 1 meter tall % 
LOG Dead and downed woody vegetation > 3in % 
LITT Dead plant material, excluding logs % 
BARE Gravel, sand, or bare ground % 
LOGDENS Log density - number of logs present #/0.4ha
XLOGDIA Average diameter of logs in 
XLOGLEN Average length of logs in 
SNAGDENS Snag density - number of snags present #/0.4ha
XSNAGDBH Mean DBH of snags in 
XSNAGHT Mean height of snags m 
TREEDENS Tree density - number of trees present #/0.4ha
XTREEDBH Mean DBH of trees in 
XTREEHT Mean height of trees m 
LITTDTH Mean litter depth along transect cm 
STEMDENS average number of stems <1in. /shrub #/shrub
CANOPYCOV Canopy cover % 
GRNDCOV Ground vegetation cover (forbs, grass, woody cover) % 
SHRUBCOV Shrub cover % 
ELEV Mean site elevation m 
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    FIG.  1.   Riparian survey sites in Utah, with major rivers shown. The inset shows the Salt Lake 
City 1 site as a representative of a typical site, containing 10 survey points. 
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    FIG. 2.   Statewide and site-specific species richness, 2000-2008. Left y-axis shows statewide 
annual richness (histogram), right y-axis shows annual site richness (hatch marks). 
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     FIG. 3.   Trend and annual estimated densities (with 95% confidence intervals) for Black-
capped Chickadee in Utah’s riparian habitat, 2000-2008 (R2=0. 32, p=0.113).  
49
  
  
    FIG. 4.   Trend and annual estimated densities (with 95% confidence intervals) for Broad-tailed 
Hummingbird in Utah’s riparian habitat, 2000-2008 (R2=0.21, p=0.218). 
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    FIG. 5.   Trend and annual estimated densities (with 95% confidence intervals) for Spotted 
Towhee in Utah’s riparian habitat, 2000-2008 (R2=0.31, p=0.651).   
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      FIG. 6.   Trend and annual estimated densities (with 95% confidence intervals) for Virginia’s 
Warbler in Utah’s riparian habitat, 2000-2008 (R2=0.09, p=0.437). 
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    FIG. 7.   Trend and annual estimated densities (with 95% confidence intervals) for Yellow 
Warbler in Utah’s riparian habitat, 2000-2008 (R2=0.17, p=0.263).  
 
  
53
  
 
    FIG. 8.   Trend and annual estimated densities (with 95% confidence intervals) for Blue-gray 
Gnatcatcher in Utah’s riparian habitat, 2000-2008 (R2=0.08, p=0.446). 
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    FIG. 9.   Trend and annual estimated densities (with 95% confidence intervals) for Bullock’s 
Oriole in Utah’s riparian habitat, 2000-2008 (R2=0.03, p=0.638). 
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    FIG. 10.   Trend and annual estimated densities (with 95% confidence intervals) for Song 
Sparrow  in Utah’s riparian habitat, 2000-2008 (R2=0.07, p=0.485).  
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    FIG. 11.   Trend and annual estimated densities (with 95% confidence intervals) for Yellow-
breasted Chat in Utah’s riparian habitat, 2000-2008 (R2=0.05, p=0.578). 
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    FIG.  13.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Black-capped Chickadee in Utah’s riparian habitat in years 
(A) 2001, (B) 2004, and (C) 2007.  
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    FIG.  15.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Blue-gray Gnatcatcher in Utah’s riparian habitat in years 
2001, 2004, and 2007. 
63
  
 
   
 F
IG
.  
16
.  
 V
ar
ia
bl
e 
im
po
rta
nc
e 
pl
ot
s f
or
 p
re
di
ct
or
 v
ar
ia
bl
es
 fr
om
 ra
nd
om
 fo
re
st
 (R
F)
 c
la
ss
ifi
ca
tio
ns
 u
se
d 
fo
r p
re
di
ct
in
g 
de
ns
ity
 o
f B
ro
ad
-ta
ile
d 
H
um
m
in
gb
ird
 in
 U
ta
h’
s r
ip
ar
ia
n 
ha
bi
ta
t i
n 
ye
ar
s 2
00
1,
 2
00
4,
 a
nd
 2
00
7.
  
64
  
A 
 
 
65
  
B 
 
66
  
C 
 
    FIG.  17.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Broad-tailed Hummingbird in Utah’s riparian habitat in years 
(A) 2001, (B) 2004, and (C) 2007.  
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    FIG.  19.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Bullock’s Oriole in Utah’s riparian habitat in years 2001, 
2004, and 2007. 
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    FIG.  21.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Song Sparrow in Utah’s riparian habitat in years 2001, 2004, 
and 2007. 
71
  
 
   
 F
IG
. 2
2.
   
V
ar
ia
bl
e 
im
po
rta
nc
e 
pl
ot
s f
or
 p
re
di
ct
or
 v
ar
ia
bl
es
 fr
om
 ra
nd
om
 fo
re
st
 (R
F)
 c
la
ss
ifi
ca
tio
ns
 u
se
d 
fo
r p
re
di
ct
in
g 
de
ns
ity
 o
f S
po
tte
d 
To
w
he
e 
in
 U
ta
h’
s r
ip
ar
ia
n 
ha
bi
ta
t i
n 
ye
ar
s 2
00
1,
 2
00
4,
 a
nd
 2
00
7.
  
72
  
  
     FIG.  23.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Spotted Towhee in Utah’s riparian habitat in years 2001, 
2004, and 2007.
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    FIG.  25.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Virginia’s Warbler in Utah’s riparian habitat in years 2001, 
2004, and 2007. 
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    FIG.  27.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Yellow-breasted Chat in Utah’s riparian habitat in years 2001, 
2004, and 2007.
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    FIG.  29.   Partial dependence plots for selected predictor variables for random forest 
prediction of the density of Yellow Warbler in Utah’s riparian habitat in years 2001, 
2004, and 2007. 
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    FIG.  30.   Multivariate regression trees for (A) all riparian species and nesting guilds: 
(B) low, (C) mid-high, and (D) cavity. The barplots at each node are cyclically shaded in 
blue and each bar represents one species. The height of the bar shows the relative density 
values, n= number of sites classified in the node. The principal components biplots are 
constructed based on the weighted mean of the group means (shown as the large dots on 
the plot). The small dots represent observed species values at each site. Each species label 
is located at its weighted mean from the group means. The fitted values are the group 
means and the observed values are species values of individual sites and are shown on the 
biplot. The first two dimensions (Dim 1 and Dim 2) show the percentage of the between-
groups sums of squares. The biplot also reports the interset correlation for each axis. 
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APPENDICES 
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A. Riparian Survey Site Selection Methods 
 
Statewide study sites were selected based on a modified systematic random 
sampling design; inclusive of important baseline criteria which were established to ensure 
representative site selection (1) each study site must be established in riparian habitat 
along non-ephemeral rivers and streams; (2) it must be located on any type of public land 
(i.e. not private); (3) and it must be relatively accessible via a secondary or tertiary road.  
From each 1:100,000 scale quad map in the state of Utah, a 1:24,000 scale topographic 
map was randomly selected. Each potential riparian zone on each randomly selected 
1:24,000 scale map was identified by searching for ‘green strips’ along streams and 
rivers.  One site was randomly selected from the previously identified riparian zones and 
a preliminary site visit was conducted to ‘ground truth’ the area to verify that it was a 
riparian zone and determine if it had a long enough strip of vegetation to accommodate 
ten survey points each of which are separated by 200-250 meters. Perpendicular point-to-
stream distances were allowed to vary somewhat with habitat patch width.  If the site 
selected did not meet these criteria, then another site was randomly selected following the 
same process discussed.  Once a suitable site was identified in each 1:24,000 scale map, a 
random start point was assigned and subsequent points were established systematically 
approximately 200-250 meters apart (Ralph et al 1993) in suitable habitat away from 
edges, and in small openings to facilitate reliable bird observation.  Using the site 
selection method discussed above, thirty-one sites were initially selected in 1992 with six 
additional sites added in subsequent years. Thirty-seven sites have been continuously 
monitored since 1998. The site is considered the sampling unit because point surveys 
86
  
within sites, though independent at the scale of bird observations, are not statistically 
independent at larger spatial scales of investigation. 
Ultimately 15 sites were established on Bureau of Land Management (BLM) 
managed lands (four sites within the Monticello Field Office, three sites within the Moab 
Field Office, two sites within the Henry Mountains Field Station of the Richfield Field 
office, two sites within Grand Staircase/Escalante National Monument, and one site each 
within the Vernal, Price, Fillmore, and St. George Field Offices.  Thirteen sites were 
established on United States Forest Service (USFS) administered lands (four sites within 
Fishlake National Forest, three sites located within Manti-LaSal and Uinta Forests, and 
one site each is located within Ashley and Dixie National Forests. Two sites were 
established within National Park Service (NPS) managed lands, one in Capitol Reef 
National Park and one within a portion of Zion National Park. Two sites were established 
within U.S. Fish and Wildlife Service (USFWS) managed lands, one on Bear River 
Migratory Bird Refuge and one on Ouray National Wildlife Refuge. One Bureau of 
Reclamation (BOR) site is located along the Provo River below Jordanelle Dam and 
Reservoir north of Heber City, Utah. Three sites are on Utah Division of Wildlife 
(UDWR) property, one in Weber County (Northern Region), one located in Duchesne 
County (Northeastern Region), and one in Beaver County (Southern Region). One site is 
located on private land (Rio Tinto Corp.) in Butterfield Canyon in Tooele County. 
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B. Avian Point Transect Survey Methods  
Point transects were conducted on thirty-seven sites at least twice, but sometimes 
3-5 times each year from 1992-2008 during the breeding season inclusive of May 1-June 
30 to document avian assemblages at all study sites. Each point was surveyed following 
8-minute variable radius point-count methodology (Reynolds et al 1980, Ralph et al. 
1993, and Buckland et al 2001) and surveys were conducted between 15 minutes before 
official sunrise and 10:00 am.  Each 8-minute count was subdivided into three time 
periods (0-3 minute, 3-5 minute, and 5-8 minute) to allow valid comparison with other 
data sources, such as the 3-minute duration BBS data.  Each bird detected was accurately 
identified to species, distances were estimated to the nearest meter using laser 
rangefinders, and other information such as flock size, age/gender, whether the bird was 
first detected by singing (audible detection), visually (direct observation) or both. Any 
pertinent behavioral displays or nest locations were also noted.  All surveys were 
conducted by trained observers who were assigned to site visits with the restriction that 
no observer would survey the same site consecutively and no site was visited less than 
seven days prior to the last site visit.    
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C. Vegetation Survey Methods 
Vegetation surveys have been conducted once every three years during the post 
breeding season (July-August) since 1993. The ‘circular sample plot’ is widely used to 
collect data on habitat variables in woodlands (James and Shugart 1970; James 1992) and  
each plot is centered on every bird point-transect location and rigorously inventoried to 
describe avian-habitat associations (James and Shugart 1970, as adapted by Noon 1981).  
Each 11.3 meter radius plots are divided into quadrants (by cardinal directions) for ease 
of data collection. More than thirty vegetation parameters were measured and other site-
specific information (overall vegetation community type, elevation, slope, aspect and 
UTM) and any disturbance history was recorded. The following parameters were 
collected for each quadrat: minimum and maximum canopy and subcanopy height (using 
a clinometer), shrub and ground layer (forbs, grass, woody vegetation),  percent tree and 
shrub cover, percent of live shrubs, percent cover of rock (larger than gravel), bare 
ground (sand, gravel, or bare ground where no vegetation exists), litter, woody vegetation 
(<1 meter in height), log (woody vegetation <3 inches diameter), litter (dead plant 
material), water, moss, grasses, and forbs. Distance to the nearest tree (along with 
corresponding height and dbh) and distance to the nearest log (along with corresponding 
diameter and length) was also recorded in each quadrat. Densities of live and dead trees, 
snags, and logs greater than three inches in dbh or diameter were determined using the 
point quarter variable plot radius method (Noon 1981) and each individual was identified 
to species and measured (height and dbh in the case of live and dead trees and snags, 
length and diameter in the case of logs) and each was assigned a condition class (varying 
from one to five to determine status of health and/or decay). Two 11.3 meter line 
89
  
transects were established at each plot along the north and east cardinal directions to 
inventory plant species diversity by life form (trees, shrubs, forbs, and grasses) at four 
randomly selected intervals in each meter along the transect for a total of forty-four 
records per transect.  Litter depth and presence or absence of the canopy, shrub, and 
ground layer was also recorded at each meter along each transect. Each north and east 
line was further inventoried to include an index to shrub stem density by species (tallying 
the number of stems greater than 0.25 inches in diameter that intersect the torso or 
outstretched arms of the researcher (Noon 1981)). Three to four of the dominant shrub 
and ground cover species were ranked over the entire plot.  
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D. Avian Density Analysis  
Distance sampling is a set of methods in which distances from the survey point to 
each object (bird detection) is recorded and an algorithm is applied to the dataset to yield 
density and/or abundance estimates of objects (Thomas et al. 2010).  The MCDS engine 
allows for the inclusion of covariates other than distance from the point in the detection 
function (Marques & Buckland 2003, 2004). This is useful for several reasons outlined in 
Marques et al. 2007, three which benefit this analysis: 1) in the case of too few 
observations to fit separate detection functions to subsets of data (strata) and 2) it reduces 
the variance of the density estimate, and 3) to examine the effects of the covariate of 
interest. The covariates included in this analysis are cluster size (number of birds per 
detection), observer (to account for observer bias), and means of detection: audially (A), 
visually (V) or both (B). 
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TABLE E.2.   Statewide vegetation data for 30 variables, 2001. 
VARIABLE MEAN RANGE SE 
BARE 14.0 (1.4, 48.8) 1.91 
CANCOV 50.8 (20.4, 82.2) 2.79 
CANMAX 19.4 (4.4, 60.2) 2.70 
CANMIN 11.6 (3.2, 36) 1.61 
FORB 11.3 (1.2, 43.3) 1.32 
GRASS 26.0 (2.4, 72.9) 2.38 
GRNDCOV 49.0 (16.6, 84.8) 2.94 
GRNDH 0.4 (0.1, 1.2) 0.04 
H2O 1.4 (0, 7.1) 0.25 
LITT 42.9 (5.3, 91.2) 3.36 
LITTDTH 2.6 (0.5, 6) 0.21 
LOG 1.6 (0, 9) 0.28 
LOGDENS 103.8 (14, 203) 12.05
MOSS 0.3 (0, 3.1) 0.08 
ROCK 4.6 (0, 23.4) 0.96 
SHRBCOV 48.7 (26.2, 78.3) 2.10 
SHRBLIV 86.7 (64.6, 113.5) 1.36 
SNAGDENS 21.6 (1, 72) 3.02 
STEMDENS 0.4 (4.4, 1.3) 0.15 
SUBMAX 13.9 (3.3, 34.8) 1.64 
SUBMIN 1.3 (0, 8.7) 0.30 
TREE 41.4 (15.1, 65) 1.82 
TREEDENS 111.0 (23, 279) 11.63
WOOD 8.1 (2.2, 34.6) 0.83 
XLOGDIA 6.1 (4.3, 10.5) 0.26 
XLOGLEN 0.9 (0.7, 1.4) 0.03 
XSNAGDBH 9.4 (4.2, 22.8) 0.93 
XSNAGHT 1.8 (0.9, 3.5) 0.14 
XTREEDBH 9.3 (5.3, 18.5) 0.56 
XTREEHT 2.8 (1.7, 4.2) 0.12 
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TABLE E.3.   Statewide vegetation data for 30 variables, 2004.  
 
VARIABLE MEAN RANGE SE 
BARE 20.6 (2.9, 58.1) 2.10
CANCOV 42.0 (14, 75.9) 2.67
CANMAX 27.4 (12.3, 74.5) 2.32
CANMIN . . . 
FORB 13.7 (0.1, 39.8) 1.66
GRASS 22.5 (4.6, 47.5) 1.59
GRNDCOV 0.9 (0.3, 2.2) 0.06
GRNDH 5.0 (2.1, 9.3) 0.32
H2O 2.1 (0, 13.8) 0.49
LITT 24.1 (8.9, 69.8) 1.91
LITTDTH 1.6 (0.2, 4.4) 0.17
LOG 2.5 (0.1, 12.8) 0.45
LOGDENS 71.1 (4, 218) 8.24
MOSS 0.2 (0, 2.7) 0.08
ROCK 4.5 (0, 22.8) 0.74
SHRBCOV 27.3 (8.9, 46.6) 1.49
SHRBLIV 88.8 (60.7, 99.9) 1.29
SNAGDENS 16.4 (0, 51) 2.18
STEMDENS 8.0 (0, 29.4) 1.10
SUBMAX 24.9 (4, 104) 3.73
SUBMIN . . . 
TREE 26.2 (9.7, 48.6) 1.68
TREEDENS 103.7 (11, 208) 8.88
WOOD 9.9 (0, 45.4) 1.40
XLOGDIA 8.0 (4.1, 27.9) 0.61
XLOGLEN 0.9 (0.4, 1.7) 0.04
XSNAGDBH 9.2 (4.5, 21.1) 0.63
XSNAGHT 1.5 (0.6, 3.3) 0.11
XTREEDBH 10.4 (5, 28.1) 0.73
XTREEHT 2.8 (1.9, 4.1) 0.09
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TABLE E.4.   Statewide vegetation data for 30 variables, 2007.  
VARIABLE MEAN RANGE SE 
BARE 22.8 (1.6, 58.5) 2.39 
CANCOV 49.9 (9.6, 87.2) 3.03 
CANMAX 15.0 (8.3, 22.9) 0.57 
CANMIN . . . 
FORB 12.0 (0.7, 40.5) 1.69 
GRASS 19.5 (1.2, 52.6) 1.88 
GRNDCOV 67.1 (25.5, 97.6) 2.83 
GRNDH 0.6 (0.1, 8.1) 0.21 
H2O 1.9 (0, 6.6) 0.34 
LITT 22.3 (9.3, 56.3) 1.68 
LITTDTH 1.9 (0.4, 8.2) 0.29 
LOG 1.8 (0, 10) 0.29 
LOGDENS 78.0 (1, 227) 10.44
MOSS 0.2 (0, 3.1) 0.09 
ROCK 5.3 (0, 28.3) 1.01 
SHRBCOV 42.4 (6.7, 72.3) 2.12 
SHRBLIV 94.3 (59, 100) 1.25 
SNAGDENS 16.6 (0, 54) 2.07 
STEMDENS 45.2 (4.3, 130.5) 5.69 
SUBMAX 7.4 (4, 15.4) 0.40 
SUBMIN . . . 
TREE 25.6 (5.9, 42.6) 1.48 
TREEDENS 122.9 (13, 264) 10.84
WOOD 13.9 (1.6, 28.1) 1.13 
XLOGDIA 6.6 (4, 11.2) 0.26 
XLOGLEN 1.1 (0.3, 1.7) 0.04 
XSNAGDBH 10.8 (4.8, 26.7) 0.85 
XSNAGHT 1.5 (0.2, 3.8) 0.12 
XTREEDBH 9.7 (5.5, 25.5) 0.72 
XTREEHT 3.2 (1.9, 6.5) 0.17 
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